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prising (a) a compound of the formula (1), whereinR |, R,, R,
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carborane cluster; and M is selected from two hydrogen ions
and one or two metal ions, wherein any metal ions present are
charge-balanced by one or more counter ions; and (b) a
vehicle comprising: (i) dimethylacetamide as solvent; and (ii)
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glycol; polyethylene glycol; and a non-ionic surfactant. The
pharmaceutical compositions are useful as radiation sensitiz-
ers in radiation treatment of cancers.
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1
PHARMACEUTICAL FORMULATIONS

This is anational stage application under 35 U.S.C. §371 of
International Application No. PCT/EP2012/074490, filed
Nov. 22, 2013, which designated the U.S. and which claims
the benefit under 35 U.S.C. §119 of GB 1221125.6,filed Nov.
23, 2012, all of which are incorporated herein by reference.

FIELD

The present invention relates to pharmaceutical composi-
tions comprising carborane-containing metallo-porphyrins
that are useful as radiosensitisers in radiation therapy for
cancet.

BACKGROUND

Many approaches can be taken in the treatment of cancer.
One approach is the use of radiosensitisers along with radia-
tion therapy. This two-pronged approach increases the likeli-
hood of success of the cancer therapy. Radiosensitisers are
compounds which when administered to the patient make the
tumour more sensitive to radiotherapy or act as an oxygen
mimic such that they increase the free radicals available fol-
lowing the ionising radiation. The latter type of compound
results in the repair mechanisms within the cell being over-
whelmed and cell death occurring.

Radiosensitisers involve time-consuming administration
by a specialist, which is expensive for the medical institution
involved in the treatment. The radiosensitisers are generally
given intravenously or by injection in large fluid volumes that
take a significant amount of time to administer and a single
dose may involve administration over more than one day. The
invasive nature of the administration can lead to multiple
puncture sites that are at risk of infection.

Most importantly, administration of the radiosensitiser is
distressing to the patient. However, in order to maintain thera-
peutically effective levels within the tumours radiosensitisers
that enhance sensitivity to radiation may be administered on
a daily basis. Daily irradiation then takes place afterwards.
Some cytotoxics that are used as radiosensitisers may be
administered less frequently, generally once every 3-4 days or
at least once per week (e.g. Cisplatin).

Compared to the administration of the radiosensitiser, irra-
diation is arelatively simple step. Irradiation often takes place
for five days and then the patient has two days off before the
cycle is repeated until the course of treatment devised by the
patient’s clinician is finished. The length of the course of
treatment will depend, among other things, upon the patient,
the type of cancer and the stage of cancer.

Examples of radiosensitisers for use in treating cancer
include boron-containing compounds, and more particularly
the carborane-containing nitroporphyrin compounds dis-
closed in WO 2008/133664.

THE INVENTION

The present invention provides improved formulations of
carborane-containing porphyrin compounds and in particular
formulations which provide enhanced solubilisation of the
porphyrin compound in aqueous media.
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Accordingly, in a first aspect, the present invention pro-
vides a pharmaceutical composition comprising:
(a) a compound of the formula (1):

M

R R,
R} Rs
wherein:

R', R?, R?, and R* are selected from an electron withdraw-
ing group, —NO,, —NH,, halogen, or a substituent repre-
sented by the following formula

@W)a;

wherein Y can be on the ortho, meta or para position on the
phenyl rings, and is selected from hydrogen, hydrocarbyl,
non-aromatic carbocyclic, non-aromatic heterocyclic, aryl,
alkylaryl, arylalkyl; or

a hydrocarbyl, non-aromatic carbocyclic, non-aromatic
heterocyclic, aryl, alkylaryl, or arylalkyl group substituted
with 1 to 4 hydrophilic groups selected from hydroxy, alkoxy,
—C(O)OR?,—SOR®, —SO,R?, nitro, amido, ureido, carba-
mato, —SR”, —NR®*R?, or poly-alkyleneoxide; or a substitu-
ent represented by formula (3)

@

—X—(CR'R'Y,—7 (3);

provided that at least one of R', R?, R?, and R* is the substitu-
ent represented by formula (2) whereinY represents formula
3

wherein:

X is selected from oxygen and sulphur;

R’ RS R7,R% R% R'°,andR'" are selected from hydrogen
and C, to C, hydrocarbyl;

Z is a carborane cluster comprising at least two carbon
atoms and at least three boron atoms, or at least one
carbon atom and at least five boron atoms, within a cage
structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that at least one of R!, R% R?, and R* is an
electron withdrawing group, —NO,, —NH,, or halogen; and

M is selected from two hydrogen ions, a single monovalent

metal ion, two monovalent metal ions, a divalent metal ion, a
trivalent metal ion, a tetravalent metal ion, a pentavalent metal
ion, and a hexavalent metal ion, wherein the porphyrin-metal
complex derived from a single monovalent metal ion is
charge-balanced by a counter cation, and the porphyrin-metal
complex derived from a trivalent, tetravalent, pentavalent, or
hexavalent metal ion is charge-balanced by an appropriate
number of counter anions, dianions, or trianions; and
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(b) a vehicle comprising:

(1) dimethylacetamide as solvent; and

(ii) a co-solvent comprising one or more pharmaceutically
acceptable glycol or surfactant components.

The co-solvent in embodiments of the invention comprises
(1) a glycol, (ii) a surfactant, or (iii) a glycol and a surfactant.

According to the invention, the pharmaceutical composi-
tions contain a compound of the general formula (1). In
embodiments of the invention, at least one of R!, R>, R® and
R* is a halogen. The halogen can be selected from chlorine,
fluorine, bromine, and iodine, and is preferably bromine.

At least one of R!, R?, R® and R* can be selected from
—NO, and Formula (2). In certain embodiments of the inven-
tion, atleasttwo of R', R%, R? and R* are selected from —NO,
and formula (2). For example, two of R*, R*,R* and R* can be
—NO, and two of R*, R?, R? and R* can be Formula (2).

In particular embodiments, R* and R® are NO, and R* and
R* are Formula (2).

In embodiments of the invention R' and R? are in trans
positions.

Y is suitably a hydrocarbyl group. The hydrocarbyl group
can be a straight chain or branched hydrocarbyl group con-
taining 1 to 20 carbon atoms including, optionally, up to three
double bond or triple bonds. Preferably the hydrocarbyl
group is an acyclic hydrocarbyl group selected from methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-
butyl, propenyl, 2-butenyl, 3-butenyl, 3-butynyl, 2-methyl-2-
butenyl, n-pentyl, dodecyl, hexadecyl, octadecyl, and eicosyl.

The hydrocarbyl group may be unsubstituted or substituted
with as many hydrophilic groups that the hydrocarbyl group
can tolerate, preferably between 1 and 4. Preferably the
hydrophilic group is selected from hydroxy, alkoxy, —C(O)
OR®, —SOR®, —SO,RS, nitro, amido, ureido, carbamato,
—SR’, —NR®R?®, and poly-alkyleneoxide. Preferably, R>,
RS R7,R®, and R® are independently selected from hydrogen
and hydrocarbyl groups as defined above, except that the
hydrocarbyl groups for R®, R®, R?, and R® contain 1 to 4
carbon atoms.

The carbon atoms of the hydrocarbyl group may also be
substituted with 1 to 4 heteroatoms. Herein, heteroatoms are
0, S, N, or NR'®. R is selected from hydrogen and hydro-
carbyl groups as defined above. The heteroatoms are gener-
ally not adjacent, and are preferably separated from each
other by at least one carbon atom. Preferably, there is no more
than one heteroatom for each two carbon atoms.

Y can be a non-aromatic carbocyclic or heterocyclic ring.
Preferably, the non-aromatic carbocyclic or heterocyclic ring
is a 4-, 5-, 6-, 7-, or 8-membered carbocyclic or heterocyclic
ring. The ring may be saturated, or may contain as many
unsaturated (i.e., double or triple) bonds as a carbocyclic ring
can tolerate.

The saturated carbocyclic ring may be selected from
cyclobutane, cyclopentane, cyclohexane, and cyclopentane
rings. Preferably, the unsaturated carbocyclic ring is selected
from cyclobutene, cyclopentene, cyclohexene, and 1,3-cyclo-
heptadiene rings.

Preferably, Y is a heterocyclic ring. Preferably, the hetero-
cyclic ring comprises as many heteroatoms, i.e. O, S, N, or
NR'®, as the heteroatom can tolerate, e.g. 1 to 4. Preferably
the saturated and unsaturated non-aromatic heterocyclic ring
is selected from pyrrolidinyl, piperidine, piperazine, tetrahy-
drofuran, furan, thiophene, 1,3-oxazolidine, imidazole, and
pyrrole rings. Preferably, the heterocyclic ring may be option-
ally substituted with hydrocarbyl as defined above, or with 1
to 4 hydrophilic groups, also as defined above.

Y can be a non-aromatic carbocyclic or heterocyclic ring.
Preferably, the non-aromatic carbocyclic or heterocyclic ring

10

15

20

25

30

35

40

45

50

55

60

65

4

may be a bicyclic ring. Preferably the carbocyclic ring is
selected from bicycico[2.2.2.]octane, bicyclo[3.1.1.]heptane,
bicyclo[3.3.0.]octane, and bicyclo[4.3.0]non-3-ene. Prefer-
ably the non-aromatic heterocyclic ring is selected from 1,4
azabicyclo[2.2.2.]octane and 2-azabicyclo[3.1.1]heptane.

Y can be an aryl group. Preferably, the aryl group can be
either aromatic carbocyclic or heterocyclic group. An aro-
matic carbocyclic ring is preferably phenyl. The aryl ring may
be optionally substituted with hydrocarbyl as defined above
to produce alkylaryl or arylalkyl groups. Preferably, the aryl,
alkylaryl, and arylalkyl group may be substituted with 1 to 4
hydrophilic groups, as defined above.

Y may be an aromatic heterocyclic ring. Preferably, the
aromatic heterocyclic ring comprises 1 to 4 heteroatoms, i.e.
0, S, N, or NR'°. Preferably the ring is typically 5-, 6-, or
7-membered. Preferably, the aromatic heterocyclic ring is
selected from thiophene, pyridine, oxazole, thiazole, oxazine,
and pyrazine rings. The aromatic heterocyclic ring may be
substituted with 1 to 4 hydrophilic groups, as defined above.

Preferably any of the above rings may also be fused to 1 to
3 additional 5-, 6-, or 7-membered aryl rings. Preferably the
fused rings are selected from napthalene, anthracene, phenan-
threne, triphenylene, chrysene, indoline, quinoline, and tet-
raazanaphthalene (pteridine) rings.

Y can be an alkoxy group. Preferably, the alkoxy group
contains a hydrocarbyl portion as defined above. Preferably
the alkoxy groups are selected from methoxy, ethoxy, pro-
poxy, n-butoxy, t-butoxy, and dodecyloxy.

Y can be a polyalkylene oxide. Preferably, the polyalky-
lene oxide is defined according to the formula —(CH,),—
O—{(CH,),—O—1,—{(CH,),—O—],—(CH,),—OR/,
wherein, independently, d is 0, or an integer from 1 to 10, e is
0, or an integer from 1 to 10, fis 1t0 10, gis 1 to 10,x and y
are each independently 1 or 0, and R' is either H or a hydro-
carbyl group as defined previously, provided that when e is O,
then x is 0; when f'is 0, then y is 0; when e is not 0, then X is
1; and when fisnot 0, theny is 1. Preferably the polyalkylene
oxide is polyethylene oxide. Polyethylene oxide is defined
according to the formula—(CH,) —O—[(CH,),—O0—],—
[(CH,),~0—],—(CH,),—OR', wherein, independently, d
isOor2,eis0or2,fisOor 2, gis 2, x and y are each
independently 1 or 0, and R' is either H or an ethyl group,
provided that when e is 0, then x is 0; when fis O, then y is 0;
when e is not 0, then x is 1; and when fis not O, then y is 1.

In preferred embodiments of the invention, Y is in the meta
position.

M can be a monovalent ion and may be selected from Li*",
Na*!, K*!, Cu*!, Ag*', Au*', and T1*. Preferably M is cop-
per. When M is a single monovalent metal ion, the resulting
porphyrin-metal complex anion is charge-balanced by a
counter cation. Preferably the counter cation is selected from
any of the foregoing monovalent metal ions, and ammonium
and phosphonium cations. Preferably the counter cation is
selected from tetramethylammonium, tetrabutylammonium,
tetraphenylammonium, tetramethylphosphonium, tetrabu-
tylphosphonium, and tetraphenylphosphonium. The counter
cation may be either bound or associated in some form with
the porphyrin-metal complex.

M can be a divalent metal ion. Preferably the divalent metal
ion is selected from V>*, Mn>*, Fe®*, Ru®*, Co**, Ni**, Cu**,
Pd**, Pt**, Zn**, Ca®*, Mg?*, Sr**, and Ba*.

M can be a trivalent metal ion. Preferably the trivalent
metal ion is selected from Gd>*, Y?*, In®>*, Cr’*, Ga®*, AI**,
Ev**, and Dy>*.

M can also be a tetravalent metal ion. Preferably the tet-
ravalent metal ion is selected from Tc**, Ge**, Sn**, and Pt**.
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M can be a pentavalent metal ion. Preferably the pentava-
lent metal ion is Tc>*.

M may also be a hexavalent metal ion. Preferably the
hexavalent metal ion is selected from W%*, Tc®*, and Mo®*.

Preferably, M is a divalent or trivalent metal ion.

Preferably, the resulting porphyrin-metal complex cation is
charge-balanced by an appropriate number of counter anions,
which may be monoanions, dianions, or trianions. Preferably
a porphyrin-metal complex cation derived from a trivalent
metal ion may be charge-balanced by a single counter
monoanion, and such a complex derived from a tetravalent
metal ion may, preferably, be charge-balanced by a single
counter dianion or two counter monoanions, and so on.

Suitable counter monoanions include chloride, perchlor-
ate, sulfate, nitrate, and tetrafluoroborate. Preferably the
counter dianion is selected from oxide, sulfide, or a porphyrin
compound containing a divalent negative charge. The por-
phyrin compound containing a divalent negative charge may
be a porphyrin compound of the present invention with the
proviso that M is absent. Preferably the counter trianion is
phosphate.

The counter monoanion, dianion, or trianion may be either
bound or associated in some form with a carborane-contain-
ing porphyrin compound of the present invention. Preferably
the carborane-containing porphyrin compound may also be
bound to or associated with neutrally charged molecules,
such as molecules of solvation, for example, water, acetoni-
trile, methanol, and so on.

M can be a radioactive metal ion imageable by single
photon emission computed tomography (SPECT) or positron
emission tomography (PET). Some examples of radioactive
metals suitable for SPECT are 5’Cu, *°"'Tc, **'In, and those
for PET include %*Cu, *>>Co. Preferably M is a radioactive
metal useful as a radiopharmaceutical for therapy. Some
examples of radioactive metals suitable for such therapy
include *°Y, '*¥Re and 5"Cu.

M is suitably a paramagnetic metal ion detectable by mag-
netic resonance imaging (MRI). Preferably the paramagnetic
metal ion is selected from Mn, Fe, Co, and Gd.

Preferably R,, and R,, are hydrogen.

Preferably r is 1 to 10, more preferably 1 to 6, more pret-
erably 1.

Preferably a is 2 or 1, more preferably 1.

Z. is preferably selected from the carboranes —C,HBH
or —C,HB,H,, wherein —C,HBSH,, is nido ortho-,
meta-, or para-carborane, and —C,HB,  H,, is closo ortho-,
meta-, or para-carborane. Z can comprise 2 carbon atoms and
10 boron atoms within a cage structure.

In one particular embodiment, two of R*, R*, R?, and R* are
substituents represented by formula (2); a is 1; Y is repre-
sented by —X—(CR'°R'!),—Z;R*®andR'" are H; ris 1; Z
is —C,HB, H,,; the —X—(CR'°R"'!),—Z substituents are
in the meta positions of the phenyl rings; the two R*-R* not
represented by formula (2) are —NO, or —Br; and the sub-
stituents represented by formula (2) are in the cis conforma-
tion on the porphyrin ring.

In another particular embodiment, two of R', R?, R®, and
R* are substituents represented by formula (2); ais 1; Y is
represented by —X—(CR'°R'!) —Z;R'? and R'* are H; ris
1;Zis—C,HB, H,,; the —X—(CR'°R'!) —7Z substituents
are in the meta positions of the phenyl rings; the two R*-R*
not represented by formula (2) are —NO, or —Br; and the
substituents represented by formula (2) are in the trans con-
formation on the porphyrin ring.

When the porphyrin compound requires a counter dianion,
the counter dianion may be a porphyrin compound containing
a divalent negative charge. The porphyrin compound contain-

10

15

20

25

30

35

40

45

50

55

60

65

6

ing a divalent negative charge may be a carborane-containing
porphyrin compound of the present invention, with the pro-
viso that M is absent.

In a specific embodiment, described in more detail below,
the compound is copper meso-5,15-bis[3-[(1,2-dicarba-
closo-dodecaboranyl)methoxy|phenyl]-meso-10,20-dini-
troporphyrin(=“MTL005”).

The pharmaceutical compositions of the invention com-
prise:

(a) a compound of the formula (1), or a subset or embodi-
ment thereof as hereinbefore defined; and

(b) a vehicle comprising:

(1) N,N-dimethylacetamide as solvent; and

(ii) a co-solvent comprising one or more pharmaceutically
acceptable glycol or surfactant components.

The surfactant may be cationic, anionic or non-ionic. In
embodiments described in more detail below, the surfactant is
non-ionic.

It has been found that by formulating the compound of
formula (1) in a vehicle comprising N,N-dimethylacetamide
and the co-solvent, it is possible to maintain the compound of
formula (1) in solution and minimise or prevent precipitation
of the compound when the composition is diluted with an
aqueous diluent, such as buffered saline solutions used for
infusions, unbuffered saline, water for injection, vehicles
comprising saline, vehicles comprising dextrose and other
vehicles comprising one or more salts or sugars.

Thus, the compositions of the invention are particularly
suitable for administration by infusion or injection. In use of
the compositions they may be infused, preferably slowly and
carefully infused, into a patient prior to irradiation. Infusion
rate may be modified and adjusted according to the patient
being treated, and the rate changed accordingly. Slower rates
can avoid some adverse reaction, e.g. pain reactions to over-
rapid infusion of a large volume of composition.

The compound N,N-dimethylacetamide may be referred to
herein for convenience as dimethylacetamide or simply
DMA.

The co-solvent (ii) comprises one or more pharmaceuti-
cally acceptable glycol or surfactant components. By “phar-
maceutically acceptable” is meant that the glycols are accept-
able for use in human medicine and are essentially non-toxic
to humans in the concentrations at which they are used. Thus
glycols such as ethylene glycol and diethylene glycol, which
are toxic to humans, are not included in the definition of
pharmaceutically acceptable glycols.

Simple pharmaceutically acceptable glycols that can be
used in the compositions of the invention include propylene
glycol.

The term pharmaceutically acceptable glycols also
includes polyethylene glycols (optionally in the molecular
weight range PEG200-600) and derivatives of polyethylene
glycols such as tetraglycol (also known as glycofurol, also
referred to as tetra ethylene glycol or TTEG).

Examples of polyethylene glycols are those that exist as
liquids at around room temperature (e.g. 25° C.), for example
polyethylene glycols having an average molecular weight of
200 to 400. Particular polyethylene glycols are those having
an average molecular weight of about 300.

Examples of non-ionic surfactants include polyoxyethyl-
ene sorbitan monoesters; polyoxyethylene esters of hydroxy-
lated fatty acids; poloxamers; and polyethoxylated glycerides
such as polyethoxylated castor oil.

The polyoxyethylene sorbitan monoester can be, for
example, polyoxyethylene sorbitan monolaurate (polysor-
bate 20) or polyoxyethylene sorbitan monooleate (polysor-
bate 80).
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Examples of polyoxyethylene esters of a hydroxylated
fatty acid include polyoxyethylene 15-hydroxystearate which
is commercially available as Solutol® HS15.

The vehicle (b) may comprise 10-99%, optionally 55-90%
(v/v) of solvent (i) and 1-90%, optionally 10-45% (v/v) of
co-solvent (ii).

More particularly, the vehicle (b) may comprise 55-85%
(v/v) of solvent (i) and 15-45% (v/v) of co-solvent (ii).

In one embodiment, the vehicle (b) comprises 58-85%
(v/v) of solvent (i) and 15-42% (v/v) of co-solvent (ii).

In another embodiment, the vehicle (b) comprises 60-85%
(v/v) of solvent (i) and 15-40% (v/v) of co-solvent (ii).

In a further embodiment, the vehicle (b) comprises 65-85%
(v/v) of solvent (i) and 15-35% (v/v) of co-solvent (ii).

In another embodiment, the vehicle (b) comprises 65-82%
(v/v) of solvent (i) and 18-35% (v/v) of co-solvent (ii).

In another embodiment, the vehicle (b) comprises 68-82%
(v/v) of solvent (i) and 18-32% (v/v) of co-solvent (ii).

In another embodiment, the vehicle (b) comprises 69-81%
(v/v) of solvent (i) and 19-31% (v/v) of co-solvent (ii).

In more particular embodiments, the co-solvent (ii) com-
prises:

(ii-a) polyoxyethylene 15-hydroxystearate; or

(ii-b) a mixture of polyoxyethylene 15-hydroxystearate
and polyethylene glycol; or

(ii-c) polysorbate 20; or

(ii-d) polyethylene glycol; or

(ii-e) a mixture of polysorbate 20 and polyethylene glycol;
or

(ii-f) a mixture of polysorbate 20 and propylene glycol; or

(ii-g) tetraglycol; or

(ii-h) a mixture of polysorbate 20 and tetraglycol; or

(ii-1) a mixture of polyoxyethylene 15-hydroxystearate and
tetraglycol;

wherein the amount of co-solvent, relative to the solvent,
may be as defined in any of the foregoing embodiments.

In one preferred embodiment, the co-solvent (i) comprises
polyoxyethylene 15-hydroxystearate or a mixture of poly-
oxyethylene 15-hydroxystearate and polyethylene glycol.

For example, the vehicle (b) can comprise 68-82% (v/v) of
the solvent (i) dimethylacetamide and 18-32% (v/v) of the
co-solvent (ii) wherein the co-solvent (ii) comprises polyoxy-
ethylene 15-hydroxystearate and optionally polyethylene
glycol. In this embodiment, the polyethylene glycol, when
present, may constitute from 1-15% (v/v) of the vehicle (b),
and more particularly from 8-12% (v/v) of the vehicle (b).

In a further preferred embodiment, the vehicle (b) can
comprise 68-82% (v/v) of the solvent (i) dimethylacetamide
and 18-32% (v/v) of the co-solvent (ii) wherein the co-solvent
(ii) consists of polyoxyethylene 15-hydroxystearate or a 2:1
(v/v) mixture of polyoxyethylene 15-hydroxystearate and
polyethylene glycol.

In each of the foregoing embodiments, particular grades of
polyethylene glycol are those polyethylene glycols having an
average molecular weight of 200 to 400 and, more particu-
larly, those having an average molecular weight of about 300

The compound of formula (1) is typically present in the
pharmaceutical compositions of the invention in an amount
corresponding to from 1 mg, optionally from 5 mg, optionally
from 25 mg to 100 mg per millilitre of the vehicle (b), more
typically from 40 mg to 80 mg per millilitre of the vehicle (b).

For example, in one embodiment, the compound of for-
mula (1) is present in an amount corresponding to approxi-
mately 50 mg per millilitre of the vehicle (b).

In another embodiment, the compound of formula (1) is
present in an amount corresponding to approximately 75 mg
per millilitre of the vehicle (b).
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The pharmaceutical compositions of the invention as here-
inbefore defined may take the form of a solution of the com-
pound of formula (1) in the vehicle (b). Such solutions can be
used for administration of the compound of formula (1) by
injection or they can be diluted with an aqueous medium to
form a solution for administration by infusion.

In an alternative embodiment, the pharmaceutical compo-
sitions can comprise a first container containing the com-
pound of formula (1) in a dried particulate (e.g. powder,
lyophilised powder or freeze dried powder) form and one or
more further containers containing the solvent (i) and co-
solvent (ii). For example, there can be two further containers,
one of which contains solvent (i) and the other of which
contains a mixture of solvent (i) and co-solvent (ii). Into the
dimethylacetamide solvent the co-solvent or a mixture of
solvent and co-solvent can be added to complete the compo-
sition. Reconstitutable compositions of this type are particu-
larly suitable where the compound of formula (1) does not
have good long term stability in aqueous solution.

In each of the foregoing embodiments of the invention, the
compound of formula (1) may be copper meso-5,15-bis[3-
[(1,2-dicarba-closo-dodecaboranyl )methoxy|-phenyl]-
meso-10,20-dinitroporphyrin.

The compositions of the invention can be used as radiosen-
sitisers in the treatment of cancers, for example as described
in WO2008/133664.

Accordingly, in another aspect, the invention provides a
composition comprising a compound of the formula (1)and a
vehicle comprising a solvent (i) and co-solvent (ii) as defined
herein for use as a radiosensitiser.

In another aspect, the invention provides a composition
comprising a compound of the formula (1) and a vehicle
comprising a solvent (i) and co-solvent (ii) as defined herein
for use as a radiosensitiser in the treatment of cancer.

In another aspect, the invention provides a composition
comprising a compound of the formula (1) and a vehicle
comprising a solvent (i) and co-solvent (ii) as defined herein
for use in combination with radiotherapy in the treatment of
cancet.

In another aspect, the invention provides a method of sen-
sitising a tumour to radiation treatment, which method com-
prises administering to a patient in need thereof an effective
radiation sensitising amount of a composition comprising a
compound of the formula (1) and a vehicle comprising a
solvent (i) and co-solvent (ii) as defined herein.

The use of a vehicle comprising a solvent (i) and co-solvent
(ii) assists in solubilising the compound of formula (1) in
aqueous media so that it can be administered by injection,
infusion, perfusion or instillation, etc.

Accordingly, in a further aspect, the invention provides a
solution for injection or infusion which comprises a com-
pound of the formula (1) a vehicle comprising a solvent (i)
and co-solvent (ii) as hereinbefore defined; and an aqueous
diluents, e.g. an isotonic aqueous diluent.

The isotonic aqueous diluents may be buffered or unbuf-
fered; optionally they are buffered to a physiologically
acceptable pH (for example a pH in the range from 7 to 7.5).
The aqueous diluents are present, in one embodiment, at a
ratio of approximately 1:1 with the vehicle; more generally,
the diluents may be present in a volume from about 0.3 times
to at least ten times (more usually at least 100 times, and up to
200 times) that of the vehicle.

Further aspects and embodiments of the invention will be
apparent from the following non-limiting examples.
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EXAMPLES

Example 1

Solubility of copper meso-5,15-bis[3-[(1,2-dicarba-
closo-dodecaboranyl)-methoxy|-phenyl]-meso-10,
20-dinitroporphyrin in Water-Miscible Solvents

Copper meso-5,15-bis[3-[(1,2-dicarba-closo-dodecabora-
nyl)-methoxy|-phenyl]-meso-10,20-dinitroporphyrin ~ (re-
ferred to below for convenience as MTL-005) is typically
administered by injection or infusion and therefore the sol-
vents present in any liquid formulation of MTL-005 will need
to be miscible with water.

Initial solubility screening tests were therefore carried out
to determine the solubility of MTL-005 in various water-
miscible solvents. The screening tests were carried out by
dissolving the MTL-005 in the test solvent, filtering the
resulting solution to remove any undissolved materials and
assaying the filtrate by measuring the UV absorbance at420.6
nm. The results are shown in Table 1 below.

TABLE 1

Total MTL-005

Solvent dissolved (mg/ml)
Deionised water 0.001
Absolute ethanol 0.089
Polysorbate 20 5.88%
Polysorbate 20 (5% w/v aq) 0.27
Polysorbate 20 (10% w/v aq) 0.13
Polysorbate 20 (20% w/v aq) 0.13
Polysorbate 80 (5% w/v aq) 0.15
0.22
Polysorbate 80 (10% w/v aq) 0.25
Polysorbate 80 (20% w/v aq) 0.38
Benzyl alcohol 0.91
N,N-Dimethylacetamide (DMA) 74.08%*
DMA 10% w/v aq 0.13
Solutol HS15 11.50
Solutol HS15 (5% w/v aq) 0.08
Solutol HS15 (10% w/v aq) 0.10
Solutol HS15 (20% w/v aq) 0.16
Soyabean oil 0.59
pH 7 Britton Robinson buffer 0.0016
Macrogol 300 2.60
Propylene glycol 0.019
Glycofurol 8.68
Cremophor EL 5% aq 0.24
Cremophor EL 10% aq 0.27
Cremophor EL 10% aq(heated) 1.65
DMA diluted 1 in 10 with Solutol HS15 20% w/v aq 1.44
Polysorbate 80 5%, DMA 10% aq 045
Polysorbate 80 5%, Cremophor EL 5% aq 0.28
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TABLE 1-continued

Total MTL-005

Solvent dissolved (mg/ml)
DMA 10%, Cremophor EL 5% aq 0.30
Polysorbate 80 5%, DMA 10%, Cremophor EL 5% aq 0.35

Notes:

*Results were close to the concentration of MTL-005 in the samples, and solubility results
may therefore be greater than those stated.
Vehicles are made up to volume with water unless otherwise stated.

The initial screening tests showed that N,N-dimethylaceta-
mide was by far the best solvent tested.

Solubility of copper meso-5,15-bis[3-[(1,2-dicarba-
closo-dodecaboranyl)-methoxy]-phenyl]-meso-10,
20-dinitroporphyrin in Aqueous DMA Mixtures

In order to assess the suitability of DMA solutions of
MTL-005 for administration by aqueous infusion, the solu-
bility of MTL-005 in mixtures of DMA and water was
assessed using the assay method described above. The results
are shown in Table 2 below.

TABLE 2
Quantity added Solubility

Vehicle (mg/ml) (mg/ml)
100% DMA 92.5 >90

80% DMA/20% Water 18 <0.05
60% DMA/40% Water 20 <0.05
40% DMA/60% Water 5 <0.05
20% DMA/80% Water 5 <0.05

The results demonstrate that although MTL-005 is highly
soluble in DMA, its solubility decreases sharply in the pres-
ence of water, and therefore solutions of MTL-005 in DMA
alone would be unlikely to be suitable for administration by
infusion.

Solubility of copper meso-5,15-bis[3-[(1,2-dicarba-
closo-dodecaboranyl)-methoxy]-phenyl]-meso-10,
20-dinitroporphyrin in DMA/Cosolvent Mixtures

According to the invention, water-miscible co-solvents are
added to the DMA in order to improve the solubility of the
MTL-005 when the formulation is diluted with water. Tests
were therefore carried out to determine the solubility of
MTL-005 in various DMA/co-solvent mixtures using the
methods described above.

In the first series of tests, approximately 50 mg/ml MTL-
005 was added to a range of cosolvent vehicles. A solubility in
the region of 50 mg/ml was obtained for a range of vehicles
(see results in column 1 in Table 3 below), therefore it could
not be confirmed that saturated solutions were obtained. The
work was therefore repeated at a higher MTL-005 loading of
150 mg/ml (see results in column 2 of Table 3).

TABLE 3

Total MTL-005
dissolved (mg/ml)

Total MTL-005
dissolved (mg/ml)

Cosolvent System (50 mg/ml added) (150 mg/ml added)
Two-Component Systems
DMA 80% Tween 20 20% 51 91
DMA 60% Tween 20 40% 47 37
DMA 80% Solutol HS 20% 49 115
DMA 70% Solutol HS 30% n.d 70
DMA 60% Solutol HS 40% 51 58
DMA 80% Macrogol 300 20% 50 76
DMA 60% Macrogol 300 40% 34 n.d
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TABLE 3-continued

12

Total MTL-005

Total MTL-005

dissolved (mg/ml) dissolved (mg/ml)
Cosolvent System (50 mg/ml added) (150 mg/ml added)
DMA 80% Propylene Glycol 20% 27 n.d
DMA 60% Propylene Glycol 40% 4 n.d
DMA 80% Tetraglycol 20% 52 131
DMA 60% Tetraglycol 40% 53 94

Three Component Systems*

DMA 80% Tween 20 10% Solutol HS 10% 52 n.d
DMA 80% Tween 20 10% Macrogol 300 10% 50 83
DMA 80% Tween 20 10% Propylene Glycol 10% 49 79
DMA 80% Tween 20 10% Tetraglycol 10% 48 101
DMA 80% Solutol HS 10% Macrogol 300 10% 49 95
DMA 70% Solutol HS 20% Macrogol 300 10% n.d 74
DMA 80% Solutol HS 10% Propylene Glycol 10% 50 58
DMA 80% Solutol HS 10% Tetraglycol 10% 49 113
DMA 80% Macrogol 300 10%  Propylene Glycol 10% 48 n.d
DMA 80% Macrogol 300 10%  Tetraglycol 10% 49 n.d
DMA 80% Tetraglycol 10% Propylene Glycol 10% 50 n.d
Notes:

*The amount of MTL-005 added to each sample was approx 50 mg/ml. Therefore results in the region of this value may not be
saturated solubilities.
n.d—not determined

Note:

Tetraglycol is also known as Glycofural.

Formulations Containing copper meso-5,15-bis[3-
[(1,2-dicarba-closo-dodeca-boranyl)-methoxy]-phe-
nyl]-meso-10,20-dinitroporphyrin in DMA/Cosol-

vent Mixtures

25

30

Based on the results set out in Table 3, various formulations
containing MTL-005 and a DMA/co-solvent mixture were
prepared. The details of the formulations are shown in Table

4.

TABLE 4

35

Formulation of MTL-005

Concen-
tration

Solvent
(% v/v of total

Co-Solvent
(% v/v of total

vehicle volume) vehicle volume)

40

AW =

50 mg/ml
50 mg/ml
50 mg/ml
50 mg/ml
50 mg/ml
50 mg/ml

50 mg/ml
50 mg/ml

50 mg/ml

DMA (80%)
DMA (80%)
DMA (80%)
DMA (80%)
DMA (60%)
DMA (80%)

DMA (80%)
DMA (80%)

DMA (80%)

Polysorbate 20 (20%)
Solutol HS15 (20%)
Macrogol 300 (20%)
Tetraglycol (20%)
Tetraglycol (40%)
Polysorbate 20 (10%) &
Macrogol 300 (10%)
Polysorbate 20 (10%) &
Propylene glycol (10%)
Polysorbate 20 (10%) &
Tetraglycol (10%)
Solutol HS15 (10%) &
Macrogol 300 (10%)

50

TABLE 4-continued

Concen- Solvent Co-Solvent
tration (% v/v oftotal (% v/v of total
Formulation of MTL-005  vehicle volume) vehicle volume)

10 50 mg/ml DMA (80%)  Solutol HS15 (10%) &
Tetraglycol (10%)

11 75 mg/ml DMA (90%)  Solutol HS15 (10%)

12 75 mg/ml DMA (80%)  Solutol HS15 (20%)

13 75 mg/ml DMA (70%)  Solutol HS15 (30%)

14 75 mg/ml DMA (70%)  Solutol HS15 (20%) &
Macrogol 300 (10%)

15 50 mg/ml DMA (70%)  Solutol HS15 (30%)

16 50 mg/ml DMA (70%)  Solutol HS15 (20%) &

Macrogol 300 (10%)

Static Dilution Study I-—Formulations 1 to 10 of Table 4

In order to mimic their behaviour on slow intravenous
administration, formulations were tested using a static dilu-
tion method (see Ping et al., J. Pharm. Sci., 1998; February:
87(2): 196-199). The tests were conducted by preparing for-
mulations containing 50 mg/ml of the MTL-005 and adding 1
ml volumes of a formulation to 10 ml, 100 ml and 1000 ml
volumetric flasks that had been prefilled with Sorensen’s
isotonic phosphate buffer (ISPB, pH 7.4). The samples were
shaken and filtered and diluted as necessary in DMA in order
to achieve a suitable UV absorbance reading. From the UV
readings, the concentrations of MTL-005 remaining in solu-
tion after dilution and filtration were calculated and the
results are shown in Table 5 below.

TABLE 5
MTL-005 MTL-005
cone. conc. as %
Formulation Dilution (mg/ml) of nominal *
Formulation 1 Diluted 1 ml + 10 ml pH 7.4 buffer 0.440 9.7
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.122 244
" Diluted 1 ml + 1000 ml pH 7.4 buffer 0.035 70.0
Formulation 2 Diluted 1 ml + 10 ml pH 7.4 buffer 4.036 88.7
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.510 102
" Diluted 1 ml + 1000 ml pH 7.4 buffer 0.067 134
Formulation 3 Diluted 1 ml + 10 ml pH 7.4 buffer 0.015 0.3
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.017 34
" Diluted 1 ml + 1000 ml pH 7.4 buffer 0.022 44
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Formulation

Dilution

Formulation 4

Fonnu:l:ation 5
Fonnu:l:ation 6
Fonnu:l:ation 7
Fonnu:l:ation 8
Fonnu:l:ation 9
Fonnuyl'ation 10

Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer
Diluted 1 ml + 10 ml pH 7.4 buffer
Diluted 1 ml + 100 ml pH 7.4 buffer
Diluted 1 ml + 1000 ml pH 7.4 buffer

14
MTL-005 MTL-005
conc. conc. as %
(mg/ml) of nominal *

0.021 0.5
0.026 5.2
0.021 42
0.020 0.4
0.021 4.2
0.021 42
0.172 3.8
0.117 234
0.039 78
0.160 3.5
0.132 26.4
0.055 110
0.258 5.7
0.138 27.6
0.029 58
0.617 13.6
0.221 44.2
0.048 96
0.634 13.9
0.369 73.8
0.059 118

*Inthe 1 in 11 dilution, the nominal MTL-005 concentration is 4.55 mg/ml.

In the 1 in 101 dilution, the nominal MTL-005 concentration is 0.50 mg/ml.

In the 1 in 1001 dilution, the nominal MTL-005 concentration is 0.05 mg/ml.

The results demonstrate that adding one or two water-
miscible co-solvent to the DMA improves the solubility of the
MTL-005 when the formulation is diluted with aqueous solu-

tions.

Static Dilution Study II—Formulations 2 and 11 to 16 of

Table 4

30

results are shown in Table 6 below.

Formulations 2 and 11 to 16 of Table 4 were subjected to a
static dilution test following the general method described for
static dilution test I but using dilutions with 10 m1, 100 ml and

35 250 ml of Sorensen’s pH 7.4 isotonic phosphate buffer. The

TABLE 6
MTL-005 MTL-005
cone. conc. as %
Formulation  Dilution (mg/ml) of nominal *
Formulation 11  Diluted 1 ml + 10 ml pH 7.4 buffer 0.338 5
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.072 10
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.038 13
Formulation 12 Diluted 1 ml + 10 ml pH 7.4 buffer 2.813 41
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.568 77
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.266 89
Formulation 13 Diluted 1 ml + 10 ml pH 7.4 buffer 6.044 89
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.727 98
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.302 101
Formulation 14 Diluted 1 ml + 10 ml pH 7.4 buffer 1.429 21
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.673 91
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.286 95
Formulation2  Diluted 1 ml + 10 ml pH 7.4 buffer 4.004 88
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.539 108
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.232 116
Formulation 15 Diluted 1 ml + 10 ml pH 7.4 buffer 4.648 102
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.488 98
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.265 133
Formulation 16 Diluted 1 ml + 10 ml pH 7.4 buffer 2.795 61
" Diluted 1 ml + 100 ml pH 7.4 buffer 0.515 103
" Diluted 1 ml + 250 ml pH 7.4 buffer 0.219 110

*Inthe 1 in 11 dilution of Formulations 11 to 14, the nominal MTL-005 concentration is 6.82 mg/ml.

In the 1 in 101 dilution of Formulations 11 to 14, the nominal MTL-005 concentration is 0.74 mg/ml.

In the 1 in 251 dilution of Formulations 11 to 14, the nominal MTL-005 concentration is 0.30 mg/ml.

In the 1 in 11 dilution of Formulations 2, 15 and 16, the nominal MTL-005 concentration 4.55 mg/ml).
In the 1 in 101 dilution of Formulations 2, 15 and 16, the nominal MTL-005 concentration is 0.50 mg/ml.
In the 1 in 251 dilution of Formulations 2, 15 and 16, the nominal MTL-005 concentration 0.20 mg/ml.
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The results shown in Table 6 show that in formulations
containing DMA and at least 20% (v/v) of a co-solvent, the
solubility of MTL-005 is greatly increased when a water-
miscible co-solvent is included in an amount of at least 20%
by volume of the total volume of the vehicle. Improved solu-
bility is also demonstrated when only 10% of a co-solvent is
present (see formulation 11) but to a significantly lower
extent.

Formulations where there is no significant loss of solubility
of the MTL-005 when the formulation is diluted with an
aqueous medium such as isotonic phosphate buffered saline
medium can be used for administration of MTL-005 by infu-
sion.

Example 2

Formulation for Reconstitution

Stability studies have shown that copper meso-5,15-bis[3-
[(1,2-dicarba-closo-dodecaboranyl)-methoxy|-phenyl]-
meso-10,20-dinitroporphyrin (MTL-005) is not stable for
extended periods in solution, although it is relatively stable as
a dry powder.

Therefore, the formulations can be presented in the form of
a kit comprising the MTL-005 in dried particulate (e.g. pow-
der) form together with one or more containers containing the
solvent and/or co-solvent or co-solvents.

A kit from which Formulation 16 can be prepared com-
prises the following components:

(1) a stoppered 30 ml clear glass vial containing 515 mg of
copper  meso-5,15-bis[3-[(1,2-dicarba-closo-dodecabora-
nyl)-methoxy|-phenyl]-meso-10,20-dinitroporphyrin
(MTL-005);

(ii) a 10 ml clear glass ampoule containing 5.50 ml of
N,N-dimethylacetamide (DMA); and

(iii) a 20 ml clear glass ampoule containing 4.27 g of
Solutol HS15 (equivalent to 27.0% w/v), 2.05 g of Macrogol
300 (equivalent to 13.0 w/v) and sufficient dimethylaceta-
mide to give a total volume of 15.8 ml.

In use, the contents of (i) and (ii) are combined so the DMA
dissolves the MTL-005. Once the MTL-005 has completely
dissolved, ampoule (iii) is broken open and the contents
mixed with the MTL-005/DMA solution to give the final
solution for administration directly by injection or for dilu-
tion in saline for administration by infusion.

Example 3

Protocol for Administration in Cancer Therapy

Initial infusion studies in rat and dog models were carried
out, confirming no adverse pain or toxicology events during
infusion of formulation 16 referred to above and the follow-
ing protocol for human administration developed:

Protocol

The formulation is prepared as soon as possible prior to
commencement of infusion, and generally no longer than
three hours beforehand.

The rate of infusion is 0.25 ml./kg/hour of formulation, 16
containing 12.5 mg MTL-005 per mL.

The infusion rate may be reduced at the discretion of the
physician, but the total duration of infusion should not exceed
four hours.

The site of peripheral intravenous cannulation is also at the
discretion of the physician.

Doses of 2, 4, 6.6, 10, 14 and 18 mg/kg may be given.

Doses of 2, 4 and 6.6 mg/kg correspond to infusion dura-
tions of approximately 38, 77 and 127 minutes.
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Doses of 10, 14 and 18 mg/kg correspond to two equal
infusion periods each of approximately 96, 134 and 173 min-
utes.

The infusion is followed by a cycle of radiotherapy or
chemoradiotherapy.

Equivalents

The foregoing examples are presented for the purpose of
illustrating the invention and should not be construed as
imposing any limitation on the scope of the invention. It will
readily be apparent that numerous modifications and alter-
ations may be made to the specific embodiments of the inven-
tion described above and illustrated in the examples without
departing from the principles underlying the invention. All
such modifications and alterations are intended to be
embraced by this application.

The invention claimed is:
1. A pharmaceutical composition comprising:
(a) a compound of the formula (1):

M

R, R
Ry R3
wherein:

R', R?, R?, and R* are selected from an electron withdraw-
ing group, —NO,, —NH,, halogen, and a substituent
represented by the following formula

@W)a;

wherein Y can be on the ortho, meta or para position on the
phenyl rings, and is selected from hydrogen, hydrocar-
byl, non-aromatic carbocyclic, non-aromatic heterocy-
clic, aryl, alkylaryl, arylalkyl; or

a hydrocarbyl, non-aromatic carbocyclic, non-aromatic
heterocyclic, aryl, alkylaryl, or a arylalkyl group substi-
tuted with 1 to 4 hydrophilic groups selected from
hydroxy, alkoxy, —C(O)YOR>,—SOR®,—SO,R nitro,
amido, ureido, carbamato, —SR’, —NR®R?®, or poly-
alkyleneoxide; or a substituent represented by formula

©)

—X—(CRIR!Y,—7

@

3

provided that at least one of R', R* R?, and R* is the
substituent represented by formula (2) whereinY repre-
sents formula (3);
wherein:
X is selected from oxygen and sulfur;
R RS R7,R% R, R'°, and R are selected from hydro-
gen and C, to C, hydrocarbyl;
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Z. is a carborane cluster comprising at least two carbon
atoms and at least three boron atoms, or at least one
carbon atom and at least five boron atoms, within a
cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that at least one of R*, R?, R?, and R* is an

electron withdrawing group, —NO,, —NH,, or halo-

gen; and

M s selected from two hydrogen ions, a single monovalent

metal ion, two monovalent metal ions, a divalent metal

ion, a trivalent metal ion, a tetravalent metal ion, a pen-
tavalent metal ion, and a hexavalent metal ion, wherein
the porphyrin-metal complex derived from a single
monovalent metal ion is charge-balanced by a counter

cation, and the porphyrin-metal complex derived from a

trivalent, tetravalent, pentavalent, or hexavalent metal

ion is charge-balanced by an appropriate number of
counter anions, dianions, or trianions;

(b) a vehicle comprising:

(1) dimethylacetamide as solvent; and

(ii) a co-solvent comprising one or more pharmaceuti-
cally acceptable glycol or non-ionic surfactant com-
ponents.

2. A pharmaceutical composition according to claim 1
wherein the compound of formula (1) is copper meso-5,
15-bis[3-[(1,2-dicarba-closo-dodecaboranyl)  -methoxy]-
phenyl]-meso-10,20-dinitroporphyrin.

3. A pharmaceutical composition according to claim 1
wherein the vehicle (b) comprises 55-90% (v/v) of solvent (i)
and 10-45% (v/v) of co-solvent (ii).

4. A pharmaceutical composition according to claim 3
wherein the vehicle (b) comprises 55-85% (v/v) of solvent (i)
and 15-45% (v/v) of co-solvent (ii).

5. A pharmaceutical composition according to claim 4
wherein the vehicle (b) comprises 68-82% (v/v) of solvent (i)
and 18-42% (v/v) of co-solvent (ii).

6. A pharmaceutical composition according to claim 1,
wherein the non-ionic surfactant is selected from a polyoxy-
ethylene sorbitan monoester; a polyoxyethylene ester of a
hydroxylated fatty acid; a poloxamers; and a polyethoxylated
castor oil.

7. A pharmaceutical composition according to claim 6
wherein the polyoxyethylene sorbitan monoester is polyoxy-
ethylene sorbitan monolaurate or polyoxyethylene sorbitan
monooleate.

8. A pharmaceutical composition according to claim 6
wherein the polyoxyethylene ester of a hydroxylated fatty
acid is polyoxyethylene 15-hydroxystearate.

9. A pharmaceutical composition according to claim 1,
wherein the co-solvent (ii) comprises:

(ii-a) polyoxyethylene 15-hydroxystearate; or

(ii-b) a mixture of polyoxyethylene 15-hydroxystearate

and polyethylene glycol; or

(ii-c) polysorbate 20; or
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(ii-d) polyethylene glycol; or

(ii-e) a mixture of polysorbate 20 and polyethylene glycol;

or

(ii-f) a mixture of polysorbate 20 and propylene glycol; or

(ii-g) tetraglycol; or

(ii-h) a mixture of polysorbate 20 and tetraglycol; or

(ii-1) a mixture of polyoxyethylene 15-hydroxystearate and

tetraglycol.

10. A pharmaceutical composition according to claim 9
wherein the co-solvent (ii) comprises polyoxyethylene
15-hydroxystearate or a mixture of polyoxyethylene 15-hy-
droxystearate and polyethylene glycol.

11. A pharmaceutical composition according to claim 10
wherein the vehicle (b) comprises 68-82% (v/v) of the solvent
(1) dimethylacetamide and 18-32% (v/v) of the co-solvent (ii)
wherein the co-solvent (ii) comprises polyoxyethylene
15-hydroxystearate and optionally polyethylene glycol.

12. A pharmaceutical composition according to claim 11
wherein the polyethylene glycol, when present, constitutes
from 1-15% (v/v) of the vehicle (b).

13. A pharmaceutical composition according to claim 12
wherein the vehicle (b) comprises 68-72% (v/v) of the solvent
(1) dimethylacetamide and 28-32% (v/v) of the co-solvent (ii)
wherein the co-solvent (ii) consists of polyoxyethylene
15-hydroxystearate ora 2:1 (v/v) mixture of polyoxyethylene
15-hydroxystearate and polyethylene glycol.

14. A pharmaceutical composition according to claim 1,
wherein the compound of formula (1) is present in an amount
corresponding to from 25 mg to 100 mg per milliliter of the
vehicle (b).

15. A pharmaceutical composition according to claim 14
wherein the compound of formula (1) is present in an amount
corresponding to from 40 mg to 80 mg per milliliter of the
vehicle (b).

16. A pharmaceutical composition according to claim 1,
which is a solution of the compound of formula (1) in the
vehicle (b).

17. A pharmaceutical composition according to claim 1
which comprises a first container containing the compound of
formula (1) in a powder form and one or more further con-
tainers containing the solvent (i) and co-solvent (ii).

18. A pharmaceutical composition according to claim 17
wherein there are two further containers, one of which con-
tains solvent (i) and the other of which contains a mixture of
solvent (i) and co-solvent (ii).

19. A method of sensitising a tumour to radiation treat-
ment, which method comprises administering to a patient in
need thereof an effective radiation sensitising amount of a
composition as defined in claim 1.

20. A solution for injection or infusion which comprises a
compound of the formula (1), a vehicle comprising a solvent
(1) and co-solvent (ii) as defined in claim 1, and an isotonic
aqueous diluent.
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